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@ A semiconductor device and a method of manu- 
facturing the same wherein the first and second 
wirings (12. 14) with an interlayer insulating film (13) 
interposed therebetween are connected through a 
contact hole (15) formed in the interlayer insulating 
film (13). In the semiconductor device, the first and 
^second wirings (12, 14) are connected via a low 
^resistive, conductive metal layer (18) obtained by 
reducing a highly resistive oxide layer (16) with a 
highly oxidizing metal (17), the highly resistive oxide 
flayer (16) being exposed within the contact hole (15) 
Qon the surface of the first wiring (12). In the method 
^of manufactzuring a semiconductor device, a contact 
Whole (15) is opened in the interlayer insulation (13) 
gon the first wiring (12), a highly oxidizing metal (17) 
is deposited on the highly resistive oxide layer (16) 
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on the surface of the hirst wiring (12) within the 
contact hole (15), and the highly resistive oxide layer 
(16) is reduced with the highly oxidizing metal (17) 



to change the highly resistive oyide layer to a low 
resistive, conductive metal layer (18). The second 
wiring (14) is connected to the first wiring (12) via 
the conductive metal layer. The reduction may be 
carried out before or after depositing the second 
wiring, or at the time when the highly oxidizing metal 
is deposited. 
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SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURIMQ THE SAIWE 



BACKGROUND OF THE INVENTION 



(Field of the Invention) 

The present invention relates to a semiconduc- 
tor device and a method of manufacturing the 
same and more particularly, to a semiconductor 
device having a multilayer wiring structure and a 
method of manufacturing the same. 

(Description of the Prior Art) 

A conventional multilayer interconnection struc- 
ture of a semiconductor device will be described 
with reference to Rg. 3. A first aluminum wiring 2 
is formed on a semiconductor substrate 1, and an 
interlayer insulating film 3 whose main components 
are silicon oxide film is formed over the aluminum 
wiring 2. A second aluminum wiring 4 formed on 
the interlayer insulating film 3 is electrically con- 
nected to the first aluminum wiring 2 via a contact 
hole 5 opened in the insulating interlayer film 3 so 
as to electrically connect the first aluminum wiring 
and the second aluminum wiring. 

The yield (conduction probability) of conduc- 
tion decreases rapidly as the diameter of the con- 
tact hole 5 becomes very small as shown in Fig. 4. 
In Fig. 4, line (1) passing through white circles 
represents the case where the second aluminum 
wiring is deposited after sputter etching, and line 
(2) passing through black circles represents the 
case without sputter etching. As seen from line (2). 
there scarcely occurs conduction with the contact 
hole diameter of t micron, namely the conduction 
yield becomes 99.9 % or less. The reason for this 
is that after the contact hole 5 is formed, the 
surface of the first aluminum wiring 2 is In contact 
with air through the contact hole 5 until the second 
aluminum wiring 4 is formed thereon so that an 
alumina layer is formed on the surface of the first 
aluminum wiring 2 to prevent conduction between 
the first and second aluminum wirings 2 and 4. 
However, as the diameter of the contact hole 5 
becomes large, it is likely for the alumina layer to 
have some def cts such as pin holes or cracks 
through which conduction betwe n the first and 
second aluminum wirings is allowed. In consider- 
ation of this, conventionally th alumina lay r on 
the first aluminum wiring 2 has been removed by 
sputter etching with Ar ions. Thereafter, while 
shielding the alumina layer from air. i.e.. maintain- 
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ing in vacuum, the second aluminum wiring 4 is 
formed on the alumina layer under the same vacu- 
um condition. With the above processes, the con- 
duction yield was made in the order of 99.99 % 

5 even with the contact hole diameter of 1 micron as 
shown in Fig.4, at line (1). 

To further improve the yield of conduction, 
various sputter etching methods are now being 
developed. Although the conduction yield can be 

10 improved by such methods, it has been found that 
another problem may arise. Namely, where the first 
aluminum wiring 2 is connected to the gate elec- 
trode, a great amount of Ar ions through the sputter 
etching are implanted in the first aluminum wiring 2 

15 via the contact hole 5 so that the gate oxide film is 
charged and destroyed. Such damage due to ion 
implantation becomes more serious as semicon- 
ductor devices become finer and the gate oxide 
film becomes thinner. 

20 As stated above, the conventional method of 
performing Ar ion sputter etching and removing the 
alumina layer on the aluminum wiring at the con- 
tact hole still poses the problem such as destroying 
the gate oxide film. 

25 

SUMMARY OF THE INVENTION 



30 It is an object of the present invention to pro- 
vide a semiconductor device wherein the alumina 
layer can be destroyed or removed without damag- 
ing the semiconductor device. 

According to the semiconductor device of this 

35 invention, a highly resistive oxide layer on the 
surface of the first wiring is reduced with a highly 
oxidizing metal to form a conductive metal layer 
through which the first and second wirings are 
allowed to conduct via a contact hole in the inter- 

40 layer insulating film. Therefore, the first and second 
wirings can reliably conduct each other without 
damage such as the semiconductor being damag- 
ed by ion etching. 

According to the semiconductor device manu- 

45 facturing method of this invention, a highly resistive 
oxide layer formed on the surface of the first wiring 
and preventing conduction between the first and 
second wirings, is reduced with a highly oxidizing 
metal to form a conductive layer. Th refore, th 

50 first and second wirings can reliably conduct each 
other through the conductive metal layer without 
giving any damage to the semiconductor device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 A to 10 show a first embodiment of 
the processes of manufacturing a semiconductor 
device according to the present invention; 

Fig. ID is a sectional view showing a dif- 
ferent kind of a semiconductor device manufac- 
tured by the method of the first embodiment; 

Figs, 2A to 20 show a second embodiment 
of the processes of manufacturing a semiconductor 
device according to the present invention; 

Fig. 2D is a sectional view showing a dif- 
ferent kind of a semiconductor device according to 
the present invention; 

Fig. 3 is a sectional view showing a conven- 
tional semiconductor device; and 

Fig. 4 is a graph showing the probability of 
conduction between the first and second wirings. 



DESCRIPTION OF THE PREFERRED EM80DI- 
MENTS 



The first embodiment of the present invention 
will be described with reference to Figs. 1 A to 10. 

As shown in Fig. 1A, a first aluminum wiring 12 
is formed on a Si semiconductor substrate 11, An 
interlayer insulating film 13 whose main component 
is silicon oxide frim is formed over the aluminum 
wiring 12. A contact hole 15 is formed in the 
insulating interlayer film 13. An alumina layer 16 in 
the order of 80 to 100 angstroms in thickness is 
present on the bottom of the contact hole 15. 

Next, as shown in Fig. IB, a Ti film 17 is 
deposited on the alumina layer 16 and the inter- 
layer insulating film 13 to a thickness of 500 ang- 
stroms by means of a sputter method. A second 
aluminum wiring 14 Is deposited on the Ti film 17 
to a thickness of 1 micron by the sputter method 
similar to the case of the first aluminum wiring 12, 
without exposing the Ti film 17 to the atmosphere. 

Next, a desired wiring pattern is formed by 
etching the second aluminum wiring 14 and the Ti 
film 17. Thereafter, the semiconductor device pro- 
cessed as above Is subjected to heat treatment in 
a forming gas composed of N2 and H2 at 450 ' 0 
for 30 minutes. As a result, as shown in Fig, 10, an 
alloy layer 1 8 is formed at the junction between the 
first and second wirings 12 and 14. The alloy layer 
18 is made of titanium, aluminum and oxygen 
which are formed through reduction of the alumina 
layer 16 by the Ti film 17, The alloy layer 18 
serves to considerably improve the conduction be- 
tween the first and second aluminum wirings 12 
and 14. 

The results of experiments applied to semicon- 



ductor devices with the contact hole 15 of 1 micron 
in diameter showed that the probability of conduc- 
tion between the first and second wirings 12 and 
14 was 99.999 % or more. Checking gate oxide 
5 films with 100 angstroms thickness showed that 
there was no destroyed gate oxide film. 

The second embodiment is shown in Frgs. 2A 
to 20. 

The semiconductor device shown in Fig. 2A is 

10 similar to that shown in Fig. 1A. A Ti layer 17 and 
TIN layer 17A are sequentially deposited on the 
semiconductor device shown in Fig. 2A by means 
of a sputter method, without exposing both the 
layers to the atmosphere. Thereafter, a second 

15 aluminum wiring 14 is deposited by means of a 
sputter method. 

Next, a desired wiring pattern is formed by 
etching the second aluminum wiring 14. TiN layer 
17A and Ti layer 17. The intermediate stage semi- 

20 conductor device processed as above is subjected 
to heat treatment in a forming gas composed of Na 
and H2 at 450 * C for 30 minutes. As a result, as 
shown In Fig. 20, an alloy layer 18A is formed at 
the junction between the frrst and second aluminum 

25 wirings 12 and 14. The alloy layer 18 is made of 
titanium, aluminum and oxygen which were formed 
through reduction of the alumina layer 16 by the Ti 
film. The alloy layer 18A serves to considerably 
improve the conduction between the first and sec- 

30 ond aluminum wirings 12 and 14. 

In the second embodiment, the TiN film 17A is 
not deposited directly on the first aluminum wiring 
12, but the Ti film 17 is interposed therebetween. 
Therefore, it is possible to avoid an increase of 

35 contact resistance due to the presence of N2 at the 
interface between the first aluminum wiring 12 and 
the TiN film 17A, Further, since the Ti film 17 is 
positioned under TiN film 17A, the contact force 
increases between the TiN film 17A and the in- 

40 sulating interlayer film (SiOs) 13. Furthermore, 
since the TiN film 17A is positioned under the 
second aluminum wiring 14, the resistance against 
electromigration or thermalmigration is improved. 
Formation of an alumina layer on the first aluminum 

46 wiring 12 may be prevented if an Mo layer is 
formed on the first aluminum wiring. However, this 
is not preferable since horizontal hillocks are 
formed. Also, such a two-layered structure is dif- 
ficult to etch and likely to produce after-corrosion. 

50 The above embodiments are free from such dis- 
advantages. 

In the first and second embodiments, the heat 
treatment is carried out after the second aluminum 
wiring was deposited. However, the heat treatment 
55 may be carried out before the second aluminum 
wiring 14 is deposited. Alternatively, the heat treat- 
ment may be omitted by raising the temperature of 
the substrate while the Ti film 17 is deposited, and 
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enhancing the reaction of the Ti film 17 with the 
alumina layer 16. 

Instead of the Ti film 17 used in the first and 
second embodiments, highly oxidizing metal such 
as Hf. V. Mg. Li. Ni or the like and their alloys and 
the like, such as HfV. AlHf. NiSiz. HfSiz, VSiz. HfB, 
VB, HfC. VC. HfN and VN. 

Also. instead of aluminum wiring material used 
in the first and second embodiments, Cu may be 
used and processed in the similar manner to that 
for aluminum. 

In the first and second embodiments, if the 
alumina layer 16 is thin and the Ti film 17 is 
excessive in quantity.* the Ti film 17 reacts with Si 
in the substrate 11 to form alloy spikes which 
cause leakage in the PN junction. In view of this, a 
barrier layer 11A (refer to Fig. 10 and Fig. 2D) 
such as a TiN layer, W layer may be interposed 
between the first aluminum wiring 12 and the Si 
substrate 1 1 to avoid the reaction between alu- 
minum and the Si substrate. 



Claims 

1 . A method of manufacturing a semiconductor 
device comprising the steps of: 

forming an interlayer insulating film (13) on a first 
wiring (12) : 

opening a contact hole (15) in said interlayer in- 
sulating film (13) extending to the surface of said 
first wiring (12); 

depositing a highly oxidizing metal (17)within said 
contact hole (1 5)where a highly resistive oxide lay- 
er (1 6)is formed on said first wiring; 
depositing a second wiring (14) within said contact 
hole(15)for obtaining conduction between said first 
and second winngs (12. 14); and 
reducing said highly resistive oxide layer (16) with 
said highly oxidizing metal (17) to change said 
highly resistive oxide layer(l6)to a low resistive, 
conductive metal layer (18)by means of heat treat- 
ment, said reduction step being performed at any 
time after said contact hole opening step. 

2. A method of manufacturing a semiconductor 
device according to claim 1 . wherein said reduction 
step is performed after said second wiring deposi- 
tion step. 

3. A method of manufacturing a semiconductor 
device according to claim 1 . wherein said reduction 
step is performed after said highly oxidizing metal 
deposition step and before said second wiring de- 
position step. 

4. A method of manufacturing a semiconductor 
device according to claim 1 , wher in said reduction 
step is performed at the time when said highly 
oxidizing metal deposition step is performed. 



5. A method of manufacturing a semiconductor 
device according to claim 1, wherein the mat rial 
of said first and second wirings (12, 14) is selected 
from the group consisting of A! arxj Cu. 

5 6. A method of manufacturing a semiconductor 

device according to claim 1. wherein said highly 
oxidizing metal (17)is selected from the group con- 
sisting of Ti. V. Mg. U. Ni. HfV. AlHf. NiSiz, HfSi2. 
VSi2, HfB. VB, HfC, VC, HfN and VN. 

10 7. A method of manufacturing a semiconductor 

device according to claim 1, wherein said reduction 
step is performed by heat treatment in a forming 
gas made of N2 and H2. 

8. A method of manufacturing a semiconductor 
IS device according to claim 1, wherein said highly 

oxidizing metal(l7)is Ti which is deposited to the 
thickness of 500 angstroms, and said first and 
second wirings (12, 14)are Al. the second wiring ( 
14) Al being deposited to the thickness of 1 mi- 
20 cron. 

9. A semiconductor device comprising: 
a first wiring (12) 

an interlayer insulating film (13) formed on said first 
wiring (12) and having a contact hole (15) extend- 

25 ing to the surface of said first wiring (12): 

a low resistive, conductive metal layer (18) ob- 
tained by reducing a highly resistive oxide layer 
(16) with a highly oxidizing metal, said highly resis- 
tive oxide layer (16) being exposed within said 

30 contact hole (15) on the surface of said first wiring 
(12): and 

a second wiring (14) which conducts with said first 
wiring (12)via said conductive metal layer (18) 

10. A semiconductor device according to claim 
35 9. wherein the material of said first and second 

wirings (12. 14)is selected from the group consist- 
ing of Al and Cu. 

1 1 . A semiconductor device according to claim 
9. wherein said highly oxidizing metal(l7)ts se- 

40 lected from the group consisting of Ti, V, Mg. Li, 
Ni, HfV, AlHf. NiSi2, HfSi2. VSi2. HfB. VB, HfC. VC. 
HfN and VN. 

12. A semiconductor device according to claim 
9, wherein said highly oxidizing metal (17) which is 

45 deposited to the thickness of 500 angstroms is Ti. 
and said first and second wiring materials (12. 14)- 
are Al, the second wiring (14) Al being deposited to 
the thickness of 1 micron. 

13. A semiconductor device according to claim 
50 9. wherein said first wiring (12) is formed on a Si 

semiconductor substrate (11) with a barrier layer 
(11 A) such as TiN layer or W layer interposed 
therebetween. 

14. A semiconductor device according to claim 
55 9. wherein said second wiring (14) is formed on 

said interlayer insulating film (13). with said highly 
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oxidizing metal (17)and a barrier layer (17A)such as 
TIN layer or W layer interposed therebetween. 
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@ A semiconductor device and a method of manu- 
facturing the same wherein the first and second 
wirings (12, 14) with an interlayer insulating film (13) 
interposed therebetween are connected through a 
contact hole (15) formed in the interlayer insulating 
film (13). In the semiconductor device, the first and 
second wirings (12, 14) are connected via a low 
resistive, conductive metal layer (18) obtained by 
reducing a highly resistive oxide layer (16) with a 
highly oxidizing metal (17), the highly resistive oxide 
layer (16) being exposed within the contact hole (15) 
on the surface of the first wiring (12). In the method 
of manufactzuring a semiconductor device, a contact 
hole (15) is opened in the interlayer insulation (13) 
on the first wiring (12). a highly oxidizing metal (17) 
is deposited on the highly resistive oxide layer (16) 
on the surface of the hirst wiring (12) within the 
contact hole (15). and the highly resistive oxide layer 
(16) is reduced with the highly oxidizing metal (17) 
to change the highly resistive oyide layer to a low 
resistive, conductive metal layer (18). The second 
wiring (14) is connected to the first wiring (12) via 
the conductive metal layer. The reduction may be 



carried out before or after depositing the second 
wiring, or at the time when the highly oxidizing metal 
is deposited. 
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